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- investment planning 365 
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Capital contribution, - freedom to form 2151 - legal form 335 Collective Agreements Act 
hidden 330 - import 2155 - periodic price 1812 2378 
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planning o f 363 - payment transaction Checklis t 2280 - political implications 
Capital funds 721 1662 Check matrices 1629 431 
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- environmental 2113 
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o f indirect 999 
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- effects o f 562 
- general conditions 564 
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- measures o f 564 
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- efficiency 577 
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framework 573 
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Corporate finances, analysis 
o f 934 
Corporate goodwill 2064 
Corporate governance 159, 
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- empirical findings of 585 
Corporate identity 2064 
Corporate image 2064 
Corporate modelling 591 
- application 598 
- construction 594 
- historical development 
593 
- methods 598 
- objectives o f 591 
Corporate models, 
structure 594 
Corporate objectives 299, 
602, 665, 1514 
Corporate planning 1411 
- operational research 
1560 
- system 1177 
Corporations 
- multinational 489,900, 
1226,1499 
- tax 326,330,625 
- transport 2409 
Cost 866,950,969, 1201, 
1204,1668 
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- additional 1388 
- analyses 537, 940 
- ascertaining 2241 
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Cost benefit analysis 855, 
1591,1690, 1691 
- break down of total 523 
- calculatorial 2060,2062 
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- comparison 1388 
- comparison model 1591 
- comparison statement 
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- composite 616 
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planned 2237 
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- control 523,631,647, 
1784 
- decision-oriented 
concept 614 
- degression effect of fixed 
361 
- dependence 642, 643, 644 
- depreciation 627, 642, 
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- deviation 2191 
- differences 1783 
- direct 615,2059 
- effect principle 619 
- effectiveness analysis 856 
- effects o f qualitative 
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- efficiency 132 
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- energy 805 
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analysis 855 
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1671, 2192 
- follow-up 731 
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- full 618 
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leasing 1321 
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- impact 642 
- in terms of value 614 
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- labour 996, 1672 
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- local 1757 
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- marginal 519, 2191 
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- non-recurring 1389 
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1389 
- optimal production 1783 
- overhead 2059,2062 
- pagatoric 613, 2428 
- per reference magnitude 
unit 617 
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- periodic planning 1779 
- personnel 651, 999, 1670, 
1691 
- planned 2235,2237,2241 
- planning 617, 646, 1783 
- price 2057,2059 
- pricing 2263 
- primary 616, 1708 
- procurement 1388 
- production 2255, 2472 
- production convention 
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effects 359 
- ratios 647 
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- replacement 1119,2443 
- responsibility 684 
- sales convention 1958 
- sales force 2163 
- shortage 1243 
- significance 869 
- staff 1046 
- storage 1243 
- supplementary 614, 616, 
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- system 2191 
- tax advantage o f leasing 
1318 
- technology 1474 
- total method 2190 
- total operating 613 
- transaction 389, 405 
- transformed 867 
- transportation 1248,1755 
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- value analysis 855 
- value-based 2427 
- value concept of 2422 
- variable 249,615,618, 
1389 
- variances 1785 
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- volume fixed 631 
- volume-variable 631 
Cost account 620, 2229 
Cost accounting 87,211, 
242, 253, 611, 628, 900, 
1201,2059,2188,2189, 
2226, 2229, 2246 
- category 616 
- decision-oriented 2242 
- full 519 
- objectives o f 612 
- personnel 1677 
- recommendations on 242 
- standard for branches 
242 
- system of 615 
- systems 620 
- theory o f 612 
- valuation 2427 
- method 634 
- principles o f 618 
Cost centre 88, 2230, 2415 
- accounting 616 
- apportionment 617 
- direct 617 
- overhead 615 
Cost estimating 630, 644, 
1784 
- banking 640 
- differential 645 
- double 631 
- full 631 
- jo in t production 639 
- marginal 631, 645 
- objectives o f 631 
- parallel 631 
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- percentage 645, 646 
- principles 630 
- procedure 618, 634 
- procedures for joint 
production 634 
- threshold 645 
- trading 639 
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Cost function 522, 653, 657, 
659, 663, 1053, 2199 
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production function 657 
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function type Β 658 
- based on production 
function type D 661 
- based on production 
function type C 660 
- based on production 
function type Ε 662 
- based on the law of 
diminishing returns 654 
- dynamic 654 
- long-run 2198, 2199 
- marginal 655 
- short-run 2199 
- static 654 
Cost management 641, 646, 
1679 
Cost natural categories 616 
Cost of capital 256, 622, 
627, 2061 
- derived from capital 
market model 624 
- derived from linear 
programming models 
623 
- derived from the capital 
asset pricing model 626 
- endogenous 623 
- exogenous 624 
Cost-of-sale convention 
1961 
Cost principle 
- average 631 
- historic 1123, 1962 
- empirical 651 
- horizontal 616 
- typical 651 
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Cost theory 249, 653, 1672, 
1893 
- based on product ion 
theory 653 
- characterisation o f 653 
- traditional 653 
Cost type 88 
Cost unit 2192,2415 
- accounting 615,617,630, 
808 
- accounting on a product 
basis 630 
- accounting on a time 
basis 630 
- overhead 615,615,618 
- profit 618 
Costed unit o f output 88 
Costing 
- business process 634 
- contribution 518, 519, 
520, 809, 1784, 2192 
- cumulative process 634 
- differential 2415 
- direct 519,645,2189, 
2243 
- elective process 634 
- equivalence coefficient 
634, 636 
- extended form 2244 
- fixed 2242 
- flexible 2242 
- flexible standard 519, 
520, 522, 646 
- full 2059 
- full cost basis 2242 
- intermediate 633 
- job order 634, 637, 646 
- marginal 2189 
- planned 2242 
- plant-related 1783 
- preliminary 618,633 
- process 634, 646 
- standard 518, 522,633, 
809, 1784, 2235, 2243 
- standard marginal 519, 
520 
- statistical 618, 633 
Counselling, vocational 
1293 
Countervailing 
- institution 415 
- powers 584 
Countries, developing 1501 
Country, soft currency 974 
Cournot hypothesis 463 
Cournot model 1801 
- federal constitutional 
2380 
- federal social 2223 
- labour 418, 1290 
Cover rate, principle o f an 
adequate 891 
Cover rules 891 
Craft 2368 
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- chambers o f 2371,2375 
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enterprise 2369, 2371, 
2376 
profession 2369 
- research 2375 
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Craft sector 1337, 2368, 
2369, 2371, 2374 
- economic significance o f 
2371 
- growth 2371 
- history of 2370 
- organisation o f 2374 
- structural shifts in 2372 
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- card 1666 
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- loan o f 1356 
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- plan 907^ 
- pricing decision 1359 
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- rating 1357 
- risk 1358 
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status 1353 
- supplier 697, 700 
- swap 982 
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Reconstruction 2012 
Credit guarantee 
corporation 2013 
Credit-raising, capacity 910 
Credit-takers, motives of 
696 
Creditor, protection o f 442, 
1160 
Creditors 1038 
Crime, victims o f 2214 
Crisis 1159 
- origin o f 2106 
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approach 858 
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studies 1576 
Currency 395 
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982 
- functional 490 
- soft 974 
- swap point 980 
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Organisational Structure; Organisational Techniques; 
Organisation Theory; Production Planning and Con­
trol; Work Structuring] 
/. Trends; II. Approaches to Problems and Objectives of 
Process Organisation and Scheduling; III. Theoretical 
Approaches to Process Organisation; IV. Process Plan­
ning Methods; V. Using A DP. 
I. Trends 
The distinction between the —• Organisational Struc­
ture and process organisation is a typical feature of 
German Organisation TJieory. It goes back to Nord-
sieck (1934) and Hennig (1934). This development 
was continued and temporarily concluded in 1962 in 
KosioPs systematised contribution. In these studies, 
the organisational structure and process organisation 
respectively are closely related to one another. Some 
of the following German organisation research only 
touches on questions related to process organisation in 
passing. Typical problems associated with process or­
ganisation were further developed in the area of sched­
uling (Kern 1967; Müller-Merbach 1970; Seelbach 
1975). There have been recent attempts to examine in­
formation processes in greater depth as well (Küpper 
1981; Gaitanides 1983). Studies have also been carried 
out into the development of a theory of process organi­
sation (—• Organisation Theory). 
I I . Approaches to Problems and Objectives of 
Process Organisation and Scheduling 
Organisation may be looked at from the point of view 
of the structure or processes. Both formalise relation­
ships arising from Division of Labour and Respon-
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sibilities. The —• Organisational Structure deals with in­
stitutional or potential-related phenomena. The main 
emphasis of process organisation, however, lies with 
process phenomena {Schweitzer 1964). Planning the 
space-time execution of business processes is the sub­
ject of scheduling. In practice, this is usually integrated 
into —Production Planning and Control which is re­
sponsible for planning, control and supervision of pro­
duction {REFA 1978). 
1. Approaches to Problems of Process Organisation 
Several systemisation programmes have been develop­
ed to allow a more detailed definition of process orga­
nisation. Its essential elements can be grasped if the 
problem stages, subject areas as well as material and 
formal problems of process organisation are taken into 
account. 
The problem stages of work analysis and synthesis 
begin with operations, i.e. with the subject how the 
task is actually carried out. In work analysis the opera­
tions are broken down into elements according to var­
ious criteria e.g. activity, object and/or phase (Kosiol 
1962; REFA 1975). The depth of this analysis depends 
upon the degree of detail required for recording the 
process in the form of working instructions. The re­
sulting elements are then integrated in the work synthe­
sis. 
Process organisation regulations can be related to 
physical or mental objects. Therefore it includes pro­
cesses of physical activity and of information respective-
ly. 
Material problems encountered in both areas are 
associated with distribution, grouping, sequencing, 
balancing of work and transport. They show which re­
lations are settled between the work-stations, tools, ob­
jects and activities. The problems of distribution involve 
establishing working-processes and assigning these to 
the work-stations. Thus, the elements of operation 
established by work analysis are grouped into work 
cycles. These are self-contained and can be completed 
by one or more persons. It must then be determined 
which work-station should carry out which particular 
operations. The problems associated with grouping in­
clude the assignment of people to a working crew or 
shift, the assignment of machines to a workshop or 
production line, and the assignment of objects to a 
production lot. They each affect the relationships be­
tween similar types of organisational elements. Se­
quencing problems can occur with regard to space and 
time. From the point of view of space one can look at 
the sequence in which an object progresses through 
different work-stations until it is finished. Its "machine 
sequence" can be seen in the production process. It is 
possible also to examine the chronological sequence in 
which various objects are handled by one or more 
work-stations one after the other. This allows the "or­
der sequence" to become apparent. The balancing of 
work refers to Fixing working speeds and establishing 
the arrangement of operations in terms of time. Perfor­
mances of different workers can thus be balanced, 
leading to a chain of operations. This chain varies in 
its flexibility, depending on how tight a time-standard 
is required for each of these operations. The highest 
degree of balancing is achieved with assembly-line 
production, where each station is allocated the same 
work rhythm. Some important transport problems are 
associated with determining the transportation routes 
as well as transportation quantities and their distribu­
tion. 
The formal problems of —• Standardisation, itemisa-
tion and documentation determine the degree of pro­
cess control. Standardisation and programming are 
used to describe the extent and the way in which gen­
eral instructions are prescribed. Itemisation refers to 
the depth and precision of the instructions. The docu­
mentation, in contrast, is related to the extent to which 
the organisational regulations, information flow and 
activities of the work-stations are laid down in writing. 
2. Scheduling Problems 
A characteristic feature of scheduling is its embedment 
in business planning. As part of production planning, 
it includes sequencing in workshop production, and 
balancing in flow line production, together with the 
planning of dispatching as well as its chronological or­
der. Additionally transport planning is part of sched­
uling. 
3. The Distinction Between Process Organisation and 
Scheduling 
When we also take into account the scientific objec­
tives, as illustrated in Figure 1, we see the relationships 
and also the distinctions between process organisation 
and scheduling. Scheduling is decision-oriented and 
Theoretical Pragmatic 
scientific scientific 
objective objective 
Sequences 
Work 
dispatching 
Balancing 
of work 
Transport 
Grouping 
Scheduling 
Physical 
process 
Process organisation 
Figure 1: Process Organisation and Scheduling 
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^ - ^ ^ Objective 
O b j e c t i c e ^ - ^ t a n d a r d 
element ^ ^ - - - - ^ ^ 
Times Profit or loss Opportunity costs Quality or social 
characteristics 
Job - orientated Flow time, wating time, 
storing time, make - span, 
transport time, tardiness 
Tardiness costs, unit costs 
contribution margin 
Delay costs Minimum quality of products 
or order processing 
Work - station - oriented Capacity utilisation, idle time 
set - up time, line effiency 
Set - up costs 
Speeding - up costs 
Idle capacity costs Job satisfaction, motivation, 
participation in decision -
making 
Figure 2: Objectives of Process Organisation and Scheduling 
thus it pursues a pragmatic scientific objective, whilst 
process organisation is additionally oriented towards a 
theoretical approach to work processes. 
4. Objectives of Process Organisation and Scheduling 
The principal objectives of a company (—* Corporate 
Objectives) are generally not precise for decisions 
about the flow of work. Therefore a great number of 
directly applicable objectives have been developed for 
process organisation and scheduling. They can be di­
vided into job-oriented and work-station-oriented objec­
tives, as shown in Figure 2. 
line production) and the plant capacity, whilst the information 
processes are influenced by personal nature and social rela­
tions of the information processing employees. The manage­
ment system influences physical processes by the structure o f 
its planning and information system (—• Information Systems; 
Planning Systems); the information processes mainly by 
the structure o f the organisation. 
Important external influences on process organisation 
are legal requirements such as contracts of employ­
ment, data protection laws (—• Privacy and Data Secu­
rity), social requirements due to membership in exter­
nal groups (such as —* Trade Unions), technical or 
behavioural scientific understanding and the behaviour 
of market partners. 
HI. Theoretical Approaches to Process 
Organisation 
On the one hand, a theory o f process organisation (^Organi­
sation Theory) can tell us about process alternatives and their 
effects on relevant objectives. Then it becomes an important 
basis for informed decisions about the work-flow in a com­
pany. On the other hand it can deal with questions concerned 
with the kind o f (situational) conditions under which certain 
procedural decisions are generally taken within a business. 
This exposition is intended to explain the course o f processes 
(e.g. decision processes) in a company. 
1. Determinants of Process Organisation 
To define the important determinants of the relation­
ship between process alternatives and their effects on 
relevant objectives, we need to distinguish between in­
ternal and external determinants. The internal determi­
nants are basically within the control of the company. 
They are, however, established outside the process or­
ganisation. They are mainly derived from the work-
related tasks, the work-station characteristics and the 
management structure of a company (Küpper 1981). 
As far as the process organisation o f physical processes is 
concerned for example, the decisive factors are the type of 
production programme (mass-, batch-, type or individual pro­
duction), the type of material flow (linear, convergent, diver­
gent or regrouping), and the operational sequences. A l l those 
features are part o f the work-related tasks. The physical pro­
cess organisation depends additionally on the work-station 
structure which makes itself felt mainly through the kind of 
organisation in which it operates (job shop production, flow 
2. Hypotheses of Process Organisation 
A central aspect of testing the hypotheses on process 
organisation is to look at the relationship between var­
ious process objectives. Research activity on this was 
triggered by the hypothesis of Gutenberg (1951) con­
cerning the "Dilemma of Scheduling" in which it is 
claimed that there is a conflict of objectives between 
minimising the flow time and maximising capacity util­
isation in sequencing. In this investigation other objec­
tives were included, such as tardiness and make-span 
(Schweitzer 1967). These researches were unable to 
confirm or deny general statements about the ex­
istence and extent of conflicting objectives (cf. also 
Günther 1971). It became clear that conflicts of objec­
tive only apply in the case of full employment. Simula­
tion studies additionally showed that the objective of 
capacity utilisation is largely complementary to that of 
make-span, but often in conflict with any effort at 
minimising the flow-time. To date, the real reasons for 
the occurrence and intensity of such conflicts of objec­
tives remain largely unexplained. 
German research also made an intensive effort to 
verify statements on priority rules and their effects on 
process objectives (Hoss 1965; Hauk 1972), but again 
the relevant simulation studies failed to produce clear-
cut answers. However, theories concerning the "rule of 
shortest imminent operation" are in widespread agree­
ment that it produces a satisfactory short flow-time 
and good capacity utilisation; but it does decrease the 
ability to meet deadlines. The "rule of slack time" has 
the opposite effect. 
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Hypotheses about the effects of the degree of orga­
nisation have been investigated within the framework 
of the analysis of new forms of —• Work Structuring. 
The degree of —• Standardisation decreases when auto­
nomous work groups can act largely independently to 
determine the dispatching of work, sequences and 
work balancing. In the empirical investigation of such 
structures of work it has been found that these gener­
ally lead to greater job satisfaction (—• Humanisation 
of Work) and a reduced labour turnover (Rühl 1963; 
Ulich/Groskurth/Bruggemann 1973; Fotilas 1980). A 
decrease in the reject rate and absenteeism as well as 
an increase in the production quality, and at times also 
increased productivity have often been observed. In 
order to achieve this, the quality of the workforce and 
the degree of automation of the machinery had to be 
increased. The empirical results available so far vary in 
the conditions under which they can be applied, and 
are as yet not formly established. 
While the outlined research studies are related to 
hypotheses about physical processes, a series of other 
studies looks at the sequence of information processes. 
This includes above all empirical investigations into 
decision processes where there are complex decision 
problems. The research carried out by Witte (1968) 
confirms the hypothesis of a phased course in deci­
sion-making processes, but disproves the theory of a 
general chronological sequence of the various stages -
information gathering, information processing and as­
sessment of alternatives (—* Decision Theory). The for­
mal problems of the degree of organisation are the fo­
cus of a study by Joost(\915). Studies of —• Codetermi-
nation in German companies (Tegtmeier 1973; Küpper 
1974) finally put forward hypotheses about the de­
terminants and processes involved in contentious ne­
gotiation and decision-making, based partly on empir­
ically derived material. 
the waiting period incurred for every job per machine 
are of fundamental significance here. The assessment 
can be extended to variable production quantities with 
a given job number, changes in intensity (Mensch 
1968), set-up times and variable lot sizes. It is, how­
ever, limited to linear material flows and established 
dispatching. 
The studies denoted as models of production 
quantities (Dinkelbach 1964; Adam 1969; Pressmar 
1974b; Küpper 1980) are based on a division of the 
planning period into a given number of successive 
time intervals. Input, production, marketing and stor­
age quantities are indicated with subscripts for peri­
ods. Various kinds of material flow can easily be taken 
into account by using production coefficients in prod­
uct (storage) equations, which illustrate the relation­
ship between input and output for intermediate and 
finished products (—• Production Tfieory). Binary allo­
cation variables indicating whether or not a particular 
type of product is being produced during a certain 
time interval on a machine are introduced in order to 
take job sequences into account. If each machine can 
handle one product-type at most per interval, then the 
expression of successive allocation variables of a ma­
chine will make its job sequence apparent. Constraints 
are used to relate production, allocation and set-up 
variables. The interdependencies between sequencing 
and production programme planning as well as the ef­
fects of process alternatives on costs and output can be 
shown relatively easily with this model type. However, 
forwarding the products in lots can only be illustrated 
in approximate terms. 
A combination of these model types has been de­
veloped by Oßwald (1979), which allows a more pre­
cise illustration of the time relationships. 
Ύ r\ 4. * 4. -TU *•* i c 4- f ο IV. Process Planning Methods 3. Quantitative Theoretical Systems of Process b 
Organisation 
1. Methods Used for Data Acquisition and Forecasting 
More comprehensive quantitative models have been 
developed in Germany based on optimising sequenc- For a long time the methods used for the analysis of 
ing models. These take into account process-organi- operations as well as the measurement of —• Working 
sational and other facts of production in mixed-integer Time have been given major emphasis in investigations 
programming models (—• Operational Research Mod- on process organisation in Germany (Nordsieck 1955, 
elling). As in practice no quantitative solution exists 1962; Kosiol 1962). Systems for structuring the flow of 
for these models, their significance lies in the illustra- work as well as working times for people and machin-
tion of interdependencies between the various action ery have been created by the Verband für Arbeitsstu-
variables of the production process as well as other dien - REPA (Association for Workstudies) (1975), 
variables of programme, purchasing and —• Marketing which have found wide practical application. The 
Planning. It is possible to distinguish between models structuring systems are the starting point for the REPA 
of production times and production quantities as im- Procedures for Time-Studies. The essential distinctions 
portant trends. between these and the systems of predeterminated 
In both models sequencing relations are expressed times are that the actual processing times are mea-
through binary variables. In the models of production sured at the place of work. These are converted by as-
times based on time elements (e.g. waiting time, start- sessment of the level of performance into a "standard 
ing or completion times) the binary variables directly rate", which does not represent an average perfor-
indicate the job sequence for each work-station (Seel- mance, but should reflect a particularly harmonious, 
bach 1975; Küpper 1980; Seelbach 1982). Equations for natural and balanced process motion. 
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2. Methods Used for the Representation of Processes 
The representation of complete processes is an impor­
tant aid in forecasting process objectives and control­
ling their implementation (—+ Organisational Tech­
niques). The flow of work harmonogrammes suggested 
by Nordsieck (1962) are closely related to the frequent­
ly used bar charts or Gantt diagrams. The method 
evolved by Jordt/Gscheidle (1970) is aimed at adminis­
trative activities. This enables complex administrative 
processes to be made clear by the use of a multiplicity 
of symbols. Block diagrams in the form of data flow 
charts and sequences of operations charts are used as 
instruments for the graphic presentation of informa­
tion processes. Special methods such as pre-printed 
flow sheets and pre-printed flow plans {Müller-Fleuß 
1974) as well as the block diagram method developed 
by Buschardt (1973), which allows the details of a 
structure to be recorded, must be mentioned in addi­
tion to sequence graphs and sequence matrices. 
One exceedingly fruitful system used for project 
planning is provided by network analysis with its em­
phasis towards forecasting and control of project pro­
cessing times, critical activities and possibly capacity 
and cost planning. 
3. Quantitative Decision Models and Techniques of 
Numerical Solution 
Formulating quantitative decision models and developing 
techniques for their numerical solution has also been strongly 
promoted in Germany by the development o f OR (-+Opera­
tional Research Modelling). Various types o f models and solu­
tion techniques have been applied to problems of process or-
••^mic.ivtmn. »n ^Inf .n icc .rvr»intirvn w i t h u i t o r n n t i o n n l rr»r.f>;i r r h 
Thus deterministic and stochastic models, linear and non-lin­
ear programming models, queuing models as well as heuristic 
models are used as decision model types for illustrating prob­
lems concerning lot sizes, dispatching, assembly line balanc­
ing and transport. Numerical solutions o f the models are 
found with the aid o f integer programming procedures, deci­
sion-tree analysis o f dynamic programming, branch-and-
bound techniques and limited enumeration, with various ap­
proximation methods (opening and iteration procedures) or 
special processes. 
It appears appropriate to classify important contribu­
tions to German research in accordance with the prob­
lem area with which such research is concerned. The 
first treatment of the lot size problem in Germany goes 
back to Andler (1929). Extensions of the basic model 
of optimum lot size for single-item production have 
been undertaken especially by taking into account the 
finite production speed, storage time prior to process­
ing at a machine (Ellinger 1959), stochastic demands 
(Hochstädter 1969) as well as multi-stage production 
processes. The main emphasis is placed upon the de­
termination of lot sizes in multi-item production, which 
needs to be linked to sequencing planning (cf. Dell-
mann 1975 for a summary). Optimisation processes for 
strict cycles with identical lot sizes and sequences as 
well as heuristic procedures for equal and arbitrary 
loading intervals and multi-stage production processes 
have been elaborated (Pressmar 1974a; Müller-Mer-
bach 1962; Neuvians 1971; Müller 1972). 
Quantitative studies on dispatching are suggested 
for staff assignment (Kern 1967) (—• Personnel Plan­
ning) and the choice of process (Kilger 1973) on the one 
hand and for the assembly line balancing (Mertens 
1967) on the other. In practice, heuristic techniques are 
preferred for assembly line balancing. Now research 
lays more stress upon the determination of interim 
storage periods in production lines where no work 
rhythm is allocated to the stations taking into account 
learning processes and the influence of labour costs on 
cost-oriented objectives (Hahn 1972; Steffen 1977). 
Solution techniques for sequencing in single and 
multi-stage production processes as well as flow shop 
or job shop production have been a major concern of 
research undertaken in this field (for a summary cf. 
Seelbach 1975; Küpper 1981). The sequencing problem 
in single-stage production and sequence-dependent set­
up times can be depicted by the travelling-salesman-
problem, for the solution of which a special optimising 
technique in the form of limited enumeration (Müller-
Merbach 1970) has been presented. For the solution of 
the job order sequencing problem as related to flow 
shop production with any desired number of stages, 
continuous job order processing and sequence-depen­
dent set-up times, Seiffart (1961) has suggested the 
modification of a travelling-saiesman-procedure. A 
further point of great importance is the development 
of the non-numerical and graphic optimisation tech­
niques as applied to job shop production. While the 
non-numerical procedures of logical structuring alge­
bra have remained limited to two orders (Schweitzer 
1964), it has been possible to extend the graphically 
orientated procedures to more tnan two orders 
(Mensch 1968; Siegel 1974) as well as comprehensive 
conditions of application. Since it has not been possi­
ble as yet to carry out these techniques with ADP, 
their practical application is limited. In practice priori­
ty rules are used predominantly for sequencing plan­
ning. 
Studies of transport planning have been mainly de­
veloped in order to solve the travelling-salesman-prob­
lem as well as through the extension of transport mod­
els (—• Logistics). 
German research has been intensively concerned 
with recording the interdependencies between pro­
gramme planning, lot size planning and sequencing 
planning in simultaneous planning models (—• Integra­
tive Planning; —* Accounting for Planning and Control). 
However, the expression of (combinatory) sequencing 
alternatives in terms of binary variables leads to such a 
great number of integer-valued variables that the limits 
of numerical solubility are very close. Until now it has 
only been possible to derive (approximate) optimum 
solutions from these for very simple examples (Press-
mar 1974b; Ofiwald 1979). Satisfactory solutions can 
be found for single-stage manufacture (Dellmann 
1975) and multi-stage manufacture (Schirmer 1980) 
with the heuristic techniques. Attempts are being made 
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in several studies to combine optimisation techniques 
for example for lot size or programme planning, with 
heuristic techniques for sequencing (Müller 1972; Seel­
bach 1973, 1975). 
4. Qualitative Studies for the Coordination of Processes 
The forms of —• Standardisation and programming, the 
creation of hierarchic relations (and consequently rela­
tions concerning the structure of the organisation) and 
self-agreement are formal instruments for the —• Coor­
dination of work elements at any one workplace. Be­
sides the structuring of hierarchic rights of command, 
networks and transfer prices have been suggested as 
basic methods for the —• Coordination of processes of 
several workplaces (Gaitanides 1983). Hypotheses 
based on social sciences, concerning the possible ef­
fects of standardisation (Hill/Fehlbaum/Ulrich 1981) 
and instruments of hierarchic coordination have been 
used as the basis for first steps towards establishing 
the conditions for using the various coordination 
methods (Spies 1976). 
V. Using ADP 
The process organisation and scheduling of physical 
processes as well as simple information processes have 
to be supported by A D P because of the extensive use 
of quantitative data (—• A DP-Application Systems). 
Consequently there is a considerable number of soft­
ware available for —* Production Planning and Control. 
These programmes are related to a solution of individ­
ual decision models (e.g. heuristic assembly line balanc­
ing) on the one hand, and can contain the complete 
planning and control of production processes on the 
other. The programmes in question are of the modular 
type, which can carry out data management and plan­
ning (—• Data Processing Management). They are 
mostly used for demand, purchasing and order plan­
ning on the basis of sales and production programme 
forecasts. This is followed by scheduling and capacity 
planning. The same type of software is also available 
from German manufacturers. Attempts are being 
made to achieve faster adaptations to data changes 
and to create an even more user-friendly A D P system 
(cf. Scheer 1978, 1980) by moving towards interactive 
processing. 
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